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(54) White balance correction circuit and correction method for display apparatus 



(57) . A display apparatus, which displays a color im- 
age by controlling the number of emissions or the Inten- 
sity thereof in accordance with primary color video sig- 
nals (R, G, B) input thereto, has a detection portion (13) 
and a white balance correction portion (2, 11. 12, 13). 
The detection portion (3) is used to detect the number 
of emissions or the intensity, and the white balance cor- 



rection portion (2, 11, 12, 13) Is used to connect white 
balance by adjusting the amplitudes of the primary color 
video signals (R, G, B) in accordance with the detected 
number of emissions or the detected intensity. There- 
fore, correct white balance can be maintained regard- 
less of the number of emissions or the intensity of emis- 
sion. 
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Description 

[0001] The present invention relates to a display ap- 
paratus that displays a color image by controlling the 
nunnber of emissions or the intensity thereof in accord- 
ance with a plurality of primary color video signals input 
to it, and more particularly to a technique for correcting 
white balance in a plasma display apparatus that dis- 
plays a color image by controlling the number of emis- 
sions of phosphors of three primary colors, red, green, 
and blue. 

[0002] Recently, research and development of vari- 
ous types of display apparatus has been proceeding; 
among them, the plasma display panel (PDP) has been 
attracting attention as a large screen flat display appa- 
ratus capable of crisply disjDlaying characters, images, 
etc. 

[0003] The plasma display panel achieves a color dis- 
play by exciting phosphors of three primary colors, red, 
green, and blue and, in order to limit power consump- 
tion, for example, It is practiced to control the number of 
emissions (the number of sustain emissions) in accord- 
ance with image display ratio (Average Picture Level - 
APL). However, the luminance ratio among the respec- 
tive color phosphors varies with the number of emis- 
sions; therefore, even when white balance is adjusted, 
for example, at a specified number of emissions, if the 
number of emissions changes, the white balance is 
shifted. 

[0004] This white balance shift problem occurs due to 
changes in the number of emissions or the intensity of 
emission, not only in plasma display panels but also in 
various other display apparatuses such as display ap- 
paratuses using EL elements (electroluminescent ele- 
ments), FEDs (field emission displays), LED (light emit- 
ting diode) displays, and CRTs (cathode ray tubes). 
Therefore, in a display apparatus that displays a color 
image by controlling the number of emissions or the in- 
tensity thereof in accordance with a plurality of primary 
color video signals input to it. it is necessary to maintain 
correct white balance regardless of the number of emis- 
sions or the intensity of emission, 
[0005] Namely, phosphorsof the three primary colors, 
red, green, and blue saturate in luminance as the 
number of emissions increases. This is because the per- 
sistence characteristics of the red, green, and blue 
phosphors, In other words, the energy conversion effi- 
ciency of the phosphors for excitation by ultraviolet ra- 
diation, decreases as the number of emissions increas- 
es. If white balance is adjusted at a specific point (A) 
where the number of emissions is large, the white bal- 
ance value at that time is detemiined based on the lu- 
minance ratio among red, green, and blue at the specific 
point. On the other hand, when displaying an image in 
accordance with high APL video signals, the number of 
emissions is reduced in order to hold the power con- 
sumption within a predetemnined value. 
[0006] Accordingly, at another point (B) where the 



number of emissions is small, the energy conversion ef- 
ficiency of the phosphors for excitation by ultraviolet ra- 
diation Increases, if the rate of decrease of the energy 
conversion efficiency increases in the order of green, 

s red, and blue, then the luminance Increases relative to 
that at the specific point, in the order of green, red, and 
blue. That is, there is a difference in white balance be- 
tween the specific point (A) and another point (B) be- 
cause the luminance ratio among red, green, and blue 

10 at the other point (8) differs from the value used for ad- 
justment at the specific point (A). 
[0007] Conversely, when displaying an image in ac- 
cordance with video signals whose APL is lower than 
that when the white balance was adjusted, the number 

15 of emissions maybe increased, resulting in a further de- 
crease in the energy conversion efficiency, and causing 
a difference in white balance because the luminance ra- 
tio among red, green, and blue changes, as in the case 
where the number of emissions Is decreased. 

20 [0008] An example of previously-considered plasma 
display apparatus and the problem associated therewith 
will be described in detail later with reference to accom- 
panying drawings. 

[0009] Though embodiments of the present invention 
25 can be applied not only to plasma display apparatuses 
but also to various other display apparatuses such as 
display apparatuses using EL elements, FEDs, and 
CRTls, the following description will be given by dealing 
primarily with a plasma display apparatus as an exam- 
30 pie of a display apparatus that uses phosphors of three 
primary colors, red, green, and blue, whose persistence 
characteristics differ from one another. 
[0010] It is desirable to provide a white balance cor- 
rection circuit and correction method, for a display ap- 
35 paratus, capable of maintaining correct white balance 
regardless of the number of emissions or the intensity 
of emission. 

[0011] According to an embodiment of a first aspect 
of the present invention, there is provided a display ap- 

40 paratus for displaying a color image by controlling the 
number of emissions or the intensity thereof in accord- 
ance with primary color video signals Input thereto, com- 
prising a detection portion detecting the number of emis- 
sions or the intensity; and a white balance correction 

43 portion correcting white balance by adjusting the ampli- 
tudes of the primary color video signals in accordance 
with the detected number of emissions or the detected 
intensity. 

[0012] The detection portion may detect the number 
50 of emissions or the intensity from a display ratio of an 
image produced by the primary color video signals. The 
display apparatus may further comprise a control por- 
tion controlling the number of emissions for, or the in- 
tensities of, the primary color video signals in accord- 
55 ance with the display ratio of the Image. The white bal- 
ance correction portion may comprise a computing unit 
and a plurality of multipliers wherein the computing unit 
may compute amplitude coefficients for the primary 
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color video signals in accordance with the display ratio 
of the image, and the multipliers may multiply the prima- 
ry color video signals respectively by the computed am- 
plitude coefficients. 

[001 3] The white balance correction portion may com- 
prise a storage unit and a plurality of multipliers wherein 
the storage unit may output amplitude coefficients for 
the primary color video signals in accordance with the 
display ratio of the image, and the multipliers may mul- 
tiply the primary color video signals respectively by the 
amplitude coefficients output from the storage unit. The 
white balance correction portion may comprise a stor- 
age unit wherein the storage unit may output amplitude- 
adjusted primary color video signals in accordance with 
the primary color video signals and the display ratio of 
the image. 

[0014] The detection portion may detect the number 
of emissions or the intensity from a display current that 
flows when displaying an image in accordance with the 
primary color video signals. The display apparatus may 
further comprise a control portion controlling the number 
of emissions for, or the intensities of, the primary color 
video signals in accordance with the image display cur- 
rent. The white balance correction portion may comprise 
a computing unit and a plurality of multipliers wherein 
the computing unit may compute amplitude coefficients 
for the primary color video signals In accordance with 
the image display current, and the multipliers may mul- 
tiply the primary color video signals respectively by the 
computed amplitude coefficients. 
[001 5] The white balance correction portion may com- 
prise a storage unit and a plurality of multipliers wherein 
the storage unit may output amplitude coefficients for 
the primary color video signals in accordance with the 
image display current, and the multipliers may multiply 
the primary color video signals respectively by the am- 
plitude coefficients output from the storage unit. The 
white balance correction portion may comprise a stor- 
age unit vyherein the storage unit may output amplitude- 
adjusted primary color video signals in accordance with 
the primary color video signals and the image display 
current. The detection portion may detect the number of 
emissions or the intensity from an external applied lu- 
minance-adjusting Input. 

[001 6] The display apparatus may further comprise a 
control portion controlling the number of emissions for, 
or the intensities of, the primary color video signals in 
accordance with the extemally applied luminance-ad- 
justing Input. The white balance correction portion may 
comprise a computing unit and a plurality of multipliers 
wherein the computing unit may compute amplitude co- 
efficients for the primary color video signals In accord- 
ance with the extemally applied luminance-adjusting in- 
put, and the multipliers may multiply the primary color 
video signals respectively by the computed amplitude 
coefficients. The white balance correction portion may 
comprise a storage unit and a plurality of multipliers 
wherein the storage unit may output amplitude coeffi- 



cients for the primary color video signals in accordance 
with the externally applied luminance-adjusting input, 
and the multipliers may multiply the primary color video 
signals respectively by the amplitude coefficients output 

5 from the storage unit. 

[001 7] The white balance correction portion may com- 
prise a storage unit wherein the storage unit may output 
amplitude-adjusted primary color video signals in ac- 
cordance with the primary color video signals and the 

10 externally applied luminance-adjusting input. Emissions 
due to the primary color video signals may be produced 
from phosphors of three primary colors, red, green, and 
blue. The display apparatus may be a plasma display 
apparatus. 

15 [0018] According to an embodiment of a second as- 
pect of the present invention, there is provided a display 
apparatus for displaying a color image by conti^olling the 
number of emissions or the intensity thereof in accord- 
ance with primary color video signals input thereto, 

20 wherein output gray levels of images represented by the 
primary color video signals are adjusted in accordance 
with input gray levels of the images represented by the 
primary color video signals, thereby correcting white 
balance which varies with the number of emissions for, 

25 or the intensities of, the primary color video signals. 
[0019] The display apparatus may further comprise a 
first detection portion detecting the input gray levels of 
the images represented by the primary color video sig- 
nals; and a correction portion correcting the white bal- 

30 ance by adjusting the output gray levels of the primary 
color video signals In accordance with the detected input 
gray levels. The white balance correction portion may 
comprise a computing unit and a plurality of correction 
units wherein the computing unit may compute gray lev- 

35 el correction coefficients in accordance with the detect- 
ed input gray levels, and the correction units may apply 
corrections to the input gray levels by using the comput- 
ed correction coefficients. 

[0020] The white balance correction portion may com- 

40 prise a storage unit and a plurality of correction units 
wheretr^-the storage unit may output gray level correc- 
tion coefficients In accordance with the detected input 
gray levels, and the correction units may apply correc- 
tions to the input gray levels by using the computed cor- 

^5 rec^ion coefficients. The display apparatus may further 
comprise a second detection portion detecting a display 
ratio or display current of an Image produced by the pri- 
mary color video signals; and a control portion control- 
ling the number of emissions for, or the intensities of, 

50 the primary color video signals in accordance with the 
detected display ratio or the detected display current. 
[0021] According to an embodiment of a third aspect 
of the present invention, there is provided a white bal- 
ance correction circuit for use in a display apparatus 

55 which displays a color image by controlling the number 
of emissions or the intensity thereof in accordance with 
primary color video signals input thereto, and which in- 
cludes a detection portion detecting the number of emls- 
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sions or the intensity, wherein the white balance correc- 
tion circuit corrects white balance by adjusting the am- 
plitudes of the primary color video signals in accordance 
with the detected number of emissions or the detected 

intensity. 

[0022] The white balance correction circuit may fur- 
thercomprise a computing unit computing amplitude co- 
efficients for the primary color video signals in accord- 
ance with the number of emissions or the intensity; and 
a plurality of multipliers multiplying the primary color vid- 
eo signals respectively by the computed amplitude co- 
efficients wherein the white balance, which varies with 
the number of emissions for, or the intensities of, the 
primary color video signals, may be corrected by adjust-- 
ing the amplitudes of the primary color video signals in 
accordance with the controlled number of emissions or 
the controlled intensity. The white balance correction cir- 
cuit may further comprise a storage unit storing ampli- 
tude coefficients for the primary color video signals, and 
outputting the amplitude coefficients in accordance with 
the number of emissions or the intensity; and a plurality 
of multipliers multiplying the primary color video signals 
respectively by the output amplitude coefficients where- 
in the white balance, which varies with the number of 
emissions for, or the intensities of, the primary color vid- 
eo signals, may be corrected by adjusting the ampli- 
tudes of the primary color video signals in accordance 
with the controlled number of emissions orthe controlled 
intensity. 

[0023] The white balance correction circuit may fur- 
ther comprise a computing unit computing amplitude co- 
efficients for the primary color video signals in accord- 
ance with the number of emissions orthe intensity; and 
wherein the white balance, which varies with the number 
of emissions for, or the intensities of, the primary color 
video signals, may be corrected by adjusting the ampli- 
tudes of the primary color video signals in accordance 
with the controlled number of emissions orthe controlled 
intensity. The white balance correction circuit may fur- 
ther comprise a storage unit storing amplitude-adjusted 
primary color video signals, and outputting the ampli- 
tude coefficients in accordance with the primary color 
video signals and the number of emissions or the inten- 
sity; and wherein tiie white balance, which varies with 
the number of emissions for, or the intensities of, the 
primary color video signals, may be corrected by adjust- 
ing the amplitudes of the primary color video signals in 
accordance with the controlled number of emissions or 
the controlled intensity. 

[0024] The detection portion may detect the number 
of emissions or the intensity from a display ratio of an 
image produced by the primary color video signals. The 
detection portion may detect the number of emissions 
or the intensity from a display current that flows when 
displaying an image in accordance with the primary 
color video signals. The detection portion may detect the 
number of emissions or the intensity from an externally 
applied luminance-adjusting input. 
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[0025] According to an embodiment of a fourth aspect 
of the present invention, there is provided a white bal- 
ance correction circuit for use in a display apparatus 
which displays a color image by controlling the number 

5 of emissions orthe Intensity thereof in accordance with 
primary color video signals input thereto, and which in- 
cludes a detection portion detecting the number of emis- 
sions or the intensity, wherein output gray levels of im- 
ages represented by the primary color video signals are 

10 adjusted in accordance with input gray levels of the im- 
ages represented by the primary color video signals, 
thereby correcting white balance which varies with the 
number of emissions for, orthe intensities of, the primary 
color video signals. 

15 [0026] The white balance correction circuit may fur- 
ther comprise a first detection portion detecting the input 
gray levels of the images represented by the primary 
color video signals; and a correction p'ortion correcting 
the white balance by adjusting the output gray levels of 

20 the primary color video signals in accordance with the 
detected input gray levels. The white balance correction 
circuit may further comprise a computing unit computing 
gray level correction coefficients in accordance with the 
detected input gray levels; and a plurality of correcting 

25 units for applying corrections to the input gray levels by 
using the computed correction coefficients. The white 
balance correction circuit may further comprising a stor- 
age unit outputting gray level correction coefficients in 
accordance with the detected input gray levels; and a 

30 plurality of correcting units for applying corrections to 
the input gray levels by using the output correction co- 
efficients. 

[0027] The white balance correction circuit may fur- 
ther comprise a second detection portion detecting a 

35 display ratio or display cu rrent of an image produced by 
the primary color video signals; and a control portion 
controlling the number of emissions for, orthe Intensities 
of, the primary color video signals in accordance with 
the detected display ratio or the detected display cur- 

40 rent. 

[0028] According to the present invention, there is 
provided a white balance correction method for a display 
apparatus which displays a color image by controlling 
luminance in accordance with primary color video sig- 
45 nals Input thereto, wherein an amplitude ratio between 
the primary color video signals is set in accordance with 
the luminances of the primary color video signals, there- 
by suppressing variation of white balance with the lumi- 
nances. 

50 [0029] According to an embodiment of a fifth aspect 
of the present invention, there Is provided a white bal- 
ance correction method for a display iapparatus which 
displays a color image by controlling the number of 
emissions or the intensity thereof in accordance with pri- 

55 mary color video signals input thereto, wherein the 
number of emissions or the intensity is detected; and 
white balance is corrected by adjusting the amplitudes 
of the primary color video signals in accordance with the 
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detected number of emissions or the intensity. 
[0030] The number of emissions or the intensity may 
be detected from a display ratio of an Image produced 
by the primary color video signals. The white balance 
correction method may further comprise the step of con- ■ 5 
trolling the number of emissions for, or the intensities of, 
the primary color video signals in accordance with the 
display ratio'of the image. The number of emissions or 
the intensity may be detected from a display current that 
flows when displaying an image in accordance with the io 
primary color video signals. The white balance correc- 
tion method may further comprise the step of controlling 
the number of emissions for, or the intensities of, the 
primary color video signals in accordance with the im- 
age display current. is 
[0031] The number of emissions or the intersity may 
be detected from an externally applied luminance-ad- 
justing input. The white balance correction method may 
further comprise the step of controlling the number of 
emissions for, or the intensities of, the primary color vid- 20 
eo signals in accordance with the externally applied lu- 
minance-adjusting input. 

[0032] According to an embodiment of a sixth aspect 
of the present invention, there is provided a white bal- 
ance correction method for a display apparatus which 25 
displays a color Image by controlling the number of 
emissions orthe intensity thereof in accordance with pri- 
mary color video signals input thereto, wherein output 
gray levels of Images represented by the primary color 
video signals are adjusted in accordance with input gray 30 
levels of the images represented by the primary color 
video signals, thereby correcting white balance which 
varies with the number of emissions for, orthe intensities 
of, the primary color video signals. 

[0033] The white balance correction method may fur- 35 
thercomprise the steps of detecting the input gray levels 
of the images represented by the primary color video 
signals; and adjusting the output gray levels of the pri- 
mary color video signals in accordance with the detect- 
ed input gray levels. The white balance correction meth- 40 
od may further comprise the step of controlling the 
number of emissions for, orthe intensities of, the primary 
color video signals in accordance with a display ratio or 
display current of the image. 

[0034] According to an embodiment of a seventh as- 45 
pect of the present invention, there is provided a white 
balance correction method for a display apparatus 
which displays a color image by controlling luminance 
in accordance with primary color video signals Input 
thereto, wherein an amplitude ratio between the primary so 
color video signals is set in accordance with the lumi- 
nances of the primary color video signals, thereby sup- 
pressing variation of white balance with the luminances. 
[0035] The luminances of the primary color video sig- 
nals may be defined by the number of emissions for, or ss 
the intensities of, the primary color video signals. A color 
image may be displayed by means of light-emitting ele- 
ments In accordance with luminance-defined primary 
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color video signals. 

[0036] According to an embodiment of an eighth as- 
pect of the present invention, there is provided a white 
balance correction circuit for use in a display apparatus 
which displays a color Image using primary color video 
signals, comprising an adjusting unit adjusting the am- 
plitude of each of the primary color video signals; a stor- 
age unit storing an amplitude ratios for correcting the 
amplitudes of the primary color video signals; and a set- 
ting unit setting in the adjusting unit amplitude ratios 
stored in the storage unit wherein the amplitude ratio 
between the primary color video signals is set in accord- 
ance with the - number of emissions for, orthe intensities 
of, the primary color video signals, thereby correcting 
white balance which varies with the number of emis- 
sions for, or the intensities of, the primary color video 
signals. 

[0037] According to an embodiment of a ninth aspect 
of the present Invention, there is provided a white bal- 
ance correction circuit for use in a display apparatus 
which displays a color image using primary color video 
signals, comprising an adjusting unit adjusting the am- 
plitude of each of the primary color video signals; a com- 
puting unit computing an amplitude ratio for each of the 
primary color video signals from the number of emis- 
sions for, or the Intensities of, the primary color video 
signals; and a setting unit setting in the adjusting unit 
the amplitude ratio computed by the computing unit 
wherein the amplitude ratio between the primary color 
video signals is set In accordance with the number of 
emissions for, orthe intensities of, the primary color vid- 
eo signals, thereby correcting white balance which var- 
ies with the number of emissions for, or the Intensities 
of, the primary color video signals. 
[0038] Reference will now be made, by way of exarri- 
ple, to the accompanying drawings, In which: 

Figure 1 is a block diagram schematically showing 
one example of a surface discharge AC-driven type 
plasma display apparatus; 

Figure 2 is a diagram for explaining one example of 
a driving sequence in the plasma display apparatus 
of Figure 1 ; 

Figures 3A, SB, and 3C are diagrams for explaining 
the relationships between average picture level 
(APL), number of emissions, and power consump- 
tion in the plasma display apparatus of Figure 1 ; 
Figure 4 Is a block diagram showing one example 
of a previously-considered white balance adjusting 
circuit; 

Figures 5A and 5B are diagrams showing the rela- 
tionship between the number of emissions and lu- 
minance for phosphors of three primary colors, red, 
green, and blue; 

Figure 6 Is a block diagram showing a first embod- 
iment of a white balance correction circuit according 
to the present invention; 

Figure 7 is a diagram showing the luminance ratios 
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of three primary color phosphors relative to the blue 
phosphor, plotted against the number of emissions; 
Figure 8 is a diagram for explaining the multiplica- 
tion coefficients for the three primary colors, red, 
green, and blue, used in the white balance correc- 
tion circuit of Figure 6; 

Figure 9 is a diagram showing the luminance ratios 
of the three primary color phosphors corrected by 
the white balance correction circuit of Figure 6, plot- 
ted against the number of emissions; 
Figure 1 0 is a block diagram showing one example 
of an APL detection circuit in the white balance cor- 
rection circuit of Figure 6; 

Figure 11 is a block diagram showing a second em- 
bodiment of a white balance correction circuit ac- 
cording to the present invention; 
Figure 12 is a block diagram showing a third em- 
bodiment of a white balance correction circuit ac- 
cording to the present invention; 
Figure 13 is a block diagram showing a fourth em- 
bodiment of a white balance correction circuit ac- 
cording to the present invention; 
Figure 1 4 is a block diagram showing a fifth embod- 
iment of a white balance correction circuit according 
to the present Invention; 

Figure 15 is a diagram (part 1) showing the relation- 
ship between a gray level and a number of emis- 
sions. 

Figure 1 6 is a diagram (part 2) showing the relation- 
ship between a gray level and a number of emis- 
sions. 

Figure 1 7 is a diagram showing the relationship be- 
tween a gray level and a luminance ratio for each 
of the three primary color phosphors of red, green, 
and blue; 

Figure 18 is a block diagram showing a sixth em- 
bodiment of a white balance correction circuit ac- 
cording to the present invention; 
Figure 1 9 is a diagram for explaining the multiplica- 
tion coefficients for the three primary colors, red, 
green, and blue, used in the white balance correc- 
tion circuit of Figure IB; 

Figure 20 is a diagram showing the relationship be- 
tween a gray level and a luminance ratio for the 
three primary color phosphors when corrections are 
made by the white balance correction circuit of Fig- 
ure 18; and 

Figure 21 is a diagram showing the luminance char- 
acteristics of the three primary color phosphors 
when the sixth embodiment of the white balance 
correction circuit, according to the present inven- 
tion, is applied, in comparison with those when it is 
not applied. 

[0039] Before describing in detail the preferred em- 
bodiments of the white balance correction circuit, the 
correction method, and the display apparatus according 
to the present invention, a previously-considered dis- 
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play technique and the problem associated with the 
technique will be described with reference to Figures 1 
to5B. 

[0040] Figure 1 Is a block diagram schematically 

5 showing one example of a surface discharge AC-driven 
type plasma display apparatus. In Figure 1, reference 
numeral 1 0 is a display panel, 11 is an array of address 
electrodes, 12 is an array of scan/sustain electrodes, 1 3 
is an array of sustain electrodes, 14 is an address drive 

10 circuit, 15 is a scan/sustain pulse output circuit, 16 is a 
sustain pulse output circuit, 17 is a drive control circuit, 
1 8 is a signal processing circuit, and 1 9 is a barrier. 
[0041] As shown in Figure 1 , the plasma display ap- 
paratus comprises: the display panel 1 0 having the ad- 

IS dress electrodes 1 1 , scan/sustain electrodes 1 2, sustain 
electrodes 13, and barriers 1 9; the address drive circuit 
14 for driving the address electrodes 11 ; the scan/sus- 
tain pulse output circuit 15 for driving the scan/sustain 
electrodes 1 2; the sustain pulse output circuit 1 6 for driv- 

20 ing the sustain electrodes; the drive control circuit 1 7 for 
controlling these output circuits; and the signal process- 
ing circuit 1 8 for processing input signals. 
[0042] The display panel 10 includes two opposing 
glass plates, on one of which are arranged the address 

25 electrodes 11 and on the other are arranged the scan/ 
sustain electrodes 12 and sustain electrodes 13. The 
space sandwiched between the two glass plates is par- 
titioned by the barriers 19 into smaller spaces each of 
which forms a discharge ceil. 

30 [0043] Each discharge cell is filled with a rare gas 
such as lie-Xe or Ne-Xe. When a voltage is applied to 
its assoaated scan/sustain electrode 12 and sustain 
electrode 13, a discharge occurs, and ultraviolet rays 
are generated. Each discharge cell has a phosphor 

35 coating which glows In red, green, or blue, and the ul- 
traviolet rays excite the phosphor to emit colored light 
corresponding to the color of the phosphor. By utilizing 
this light emission and selecting discharge cells of the 
desired colors in accordance with video signals, a color 

^0 image can be displayed. 

[0044] In accordance with the display ratio (or display 
current) of the image produced by the video signals 
(three primary color video signals R, G, and B), the drive 
control circuit 17 controls the number of emissions for 

^5 the video signals via the scan/sustain pulse butput cir- 
cuit 1 5 and sustain pulse output circuit 1 6 so that power 
consumption does not exceed a predetennined value. 
[0045] Figure 2 is a diagram for explaining one exam- 
ple of a driving sequence in the plasma display appara- 

50 tus of Figure 1 , that is, a time-division driving method 
(hereinafter referred to as the subfleld method) utilizing 
the above-described emission principle. 
[0046] The subfleld method is a method that divides 
one frame into a plurality of subfieids (SF1 to SF4) dif- 

55 ferently weighted according to the difference in the 
number of emissions, and reproduces a grayscale by 
selecting for each pixel a subfleld appropriate to the sig- 
nal amplitude representing the pixel. 
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[0047] The driving sequence based on the subfield 
method shown in Figure 2 shows an example in which 
one frame is divided into four subflelds 5F1 to SF4 to 
display 1 6 gray levels. Scan period T1 of each subfield 
Is a period for selecting a discharge cell (hereinafter 
called a tight-emitting cell) that emits light in the subfield, 
and discharge sustain period T2 is a period for the du- 
ration of which the selected light-emitting cell emits light. 
[0048] The discharge sustain period T2 of each of the 
subfields SF1 to SF4 represents the length of time dur- 
ing which the selected cell emits light, and the periods 
of the respective subfields are weighted in the ratio 8:4: 
2:1 according to the number of emissions. By selecting 
an appropriate one of the subfields SF1 to SF4 in ac- 
cordance with the video signal level, 2^ = 1 6 gray levels 
can be reproduced. If It is desired to increase the 
number of gray levels, the number of subflelds is in- 
creased; for example, if the number of subfields is in- 
creased to 8, 2^ = 256 gray levels can be reproduced. 
The luminance level of each subfield is controlled by the 
number of sustain emissions (number of emissions). 
[0049] Figures 3A, 3B, and 3C are diagrams for ex- 
plaining the relationships between average picture level 
(APL), number of emissions, and power consumption in 
the plasma display apparatus of Figure 1: Figure 3A 
shows the relationship between the number of emis- 
sions of a light-emitting cell and the powerconsumption, 
Figure 3B shows the relationship between the average 
picture level (APL) of an image (display panel) and the 
number of emissions, and Figure 3C shows the relation- 
ship between the average picture level of an image pro- 
duced by video signals and the power consumption. 
[0050] As shown in Figure 3A, the powerconsumption 
of the plasma display apparatus Increases as the 
number of emissions of the display cell increases. In 
view of this, in practical plasma display apparatuses, 
when the average picture level (APL) of an image is 
high, that Is, when displaying an image (video signals) 
such that the light emission level is high over the entire 
screen, control is performed to limitthe powerconsump- 
tion within a predetermined value, as shown in Figure 
3C, by limiting the number of emissions for the frame as 
a whole while maintaining the weighting ratio defining 
the number of emissions for each subfield. 
[0051 ] That is, In Figure 38. if the number of gray lev- 
els displayed Is 256, then if the weighting ratio at point 
A is, for example, 512:256:128:64:32:16:8:4, the 
number of emissions at point A is 1020, and if the 
weighting ratio at point B is, for example, 128:63:32:16: 
8:4:2:1 , the number of emissions at point B is limited to 
255. That is, when the number of emissions is controlled 
according to the APL, if the APL increases, the power 
consumption of the plasma display apparatus is held 
within the predetermined level, a shown In Figure 3C. 
[0052] Figure 4 is a block diagram showing one ex- 
ample of a previously-considered white balance adjust- 
ing circuiL In Figure 4, reference numerals 11 to 13 are 
multipliers, 2 is a microcomputer, and 41 to 43 are y- 



con^ection circuits. 

[0053] As shown in Figure 4, in the previously-consid- 
ered white balance adjusting circuit, input video signals 
R, G, and 8 are gamma-corrected by the respective 

5 gamma-correction circuits 41 to 43, and then the gam- 
ma-corrected signals are supplied to the respective mul- 
tipliers 11 to 13 where the video signals are multiplied 
by coefficients (amplitude coefficients) Kr, Kg. and Kb, 
respectively, supplied from the microcomputer 2. That 

10 is, the microcomputer 2 supplies to the respective mul- 
tipliers 11 to 13 the coefficients Kr, Kg, and Kb for the 
respective color video signals R, G, and B in order to 
adjust the white balance by changing the luminance ra- 
tio of red, green, and blue. Here, the coefficients Kr, Kg, 

15 and Kb may be the same or may be different, depending 
on the respective CO lor video signals R, G, and B. More 
specifically, the previously-considered white balance 
adjusting circuit adjusts the white balance by supplying 
the coefficients Kr. Kg, and Kb from the microcomputer 

20 2 to the respective multipliers 11 to 1 3 and thereby con- 
trolling the signal amplitudes of the respective video sig- 
nals R, G, and B. 

[0054] In the case of the previously-considered white 
balance adjusting circuit, in order to adust the white bal- 

25 ance a prescribed adjustment pattern (for example, a 
window pattern or the like) is displayed with a specified 
number of emissions and the amplitudes of the respec- 
tive color video signals R, G, and B are adjusted so that 
the desired white balance can be obtained. That is, 

30 white balance is adjusted for each set (plasma display 
apparatus), for example, prior to shipment from the fac- 
tory; in that case, a prescribed adjustment pattern is dis- 
played with a specified number of emissions and, in that 
state, the coefficients Kr, Kg, and Kb are stored in the 

35 registers In the microcomputer 2. 

[0055] In the previously-considered white balance ad- 
justing circuit, since the white balance is adjusted by dis- 
playing a prescribed adjustment pattern with a specified 
APL (that is, with a specified number of emissions), as 

40 described above, the white balance may become shifted 
when the number of emissions (APL) changes. 
[0056] Figures 5A and 5B are diagrams showing the 
relationship between the number of emissions and lu- 
minance for the phosphors of three primary colors, red, 

45 green, and blue: Figure 5A shows the relationship be- 
tween the number of emissions and luminance, and Fig- 
ure 5B shows unit emission luminance characteristics 
due to the decrease of energy conversion efficiency. 
[0057] As shown in Figure 5A, the phosphors of the 

50 three primary colors, red, green, and blue begin to sat- 
urate in luminance as the number of emissions increas- 
es. This is because the persistence characteristics of 
the red, green, and blue phosphors, in other words, the 
energy conversion efficiency of the phosphors for the 

55 excitation by ultraviolet radiation, decrease as the 
number of emissions increases, as shown in Figure 5B. 
In Figure 5B, the vertical axis represents the value of 
the luminance per unit emission normalized to the emls- 
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sion luminance per unit when tine energy conversion ef- 
ficiency is highest, and the horizontal axis represents 
the number of emissions. 

[0058] Here, In Figures 6A and 5B, if white balance Is 
adjusted at point A where the number of emissions is 
large, the while balance value at that time is determined 
based on the luminance ratio among red, green, and 
blue at point A. On the other hand, when displaying an 
image in accordance with high APL video signals, the 
number of emissions is reduced in order to hold the pow- 
er consumption within a predetermined value, as previ- 
ously described. 

[0059] Accordingly, at point B where the number of 
emissions is small, the energy conversion efficiency of 
the phosphors for the excitation by ultraviolet radiation 
increases as shown in Figure 58; here, if the rate of de- 
crease of the energy conversion efficiency increases in 
the order of green, red, and blue, then the luminance 
increases relative to that at point A, in the order of green, 
red, and blue. That is, there is a difference in white bal- 
ance between point A and point B because the lumi- 
nance ratio among red, green, and blue at point B differs 
from the value used for adjustment at point A. 
[0060] Conversely, when displaying an image in ac- 
cordance with video signals whose APL is lower than 
that when the white balance was adjusted, the number 
of emissions may be increased, resulting In a further de- 
crease in the energy conversion efficiency, and causing 
a difference in white balance because the luminance ra- 
tio among red, green, and blue changes, as in the case 
where the number of emissions is decreased. 
[0061] Specific embodiments of the white balance 
correction circuit, the correction method, and the display 
apparatus according to the present invention will now 
be described below with reference to drawings. In the 
description of the embodiments hereinafter given, a 
plasma display apparatus is taken as an example, but 
it will be appreciated that the present invention is appli- 
cable not only to plasma display apparatuses, but also 
to various other display apparatuses such as display ap- 
paratuses using EL elements, FEDs, LED displays, and 
CRTs. 

[0062] Figure 6 is a block diagram showing a first em- 
bodiment of the white balance correction circuit accord- 
ing to the present invention, and Figure 7 is a diagram 
showing the luminance ratios of three primary color 
phosphors relative to the blue phosphor, plotted against 
the number of emissions. 

[0063] In Figure 6, reference numerals 11 to 13 are 
multipliers, 2 Is a microcomputer, and 3 is an APL de- 
tection circuit (average picture level (display ratio) de- 
tection circuit). Reference characters Kr, Kg, and Kb are 
multiplication coefficients (amplitude coefficients) for 
the respective input video signals (three primary color 
digital video signals) R, G, and B. 
[0064] As shown in Figure 6, the white balance ad- 
justing circuit of the first embodiment adjusts the white 
balance by adjusting the amplitudes of the input video 



signals R, G, and B by means of the multipliers 11 to 13 
using the multiplication coefficients Kr, Kg, and Kb sup- 
plied from the microcomputer 2. The microcomputer 2 
sets the number of emissions based on the APL (aver- 
5 age picture level, i.e., the display ratio) obtained from 
the APL detection circuits. Further, the microcomputer 
2 computes from the number of emissions the rate of 
change of the luminance ratio of each of R, G, and B 
(red, green, and blue) due to the change of the energy 
10 conversion efficiency and, by inversely correcting the 
rate of change, computes the multiplication coefficients 
Kr, Kg, and Kb so that the luminance ratio among red, 
green, and blue is maintained constant. The thus com- 
puted coefficients are supplied to the respective multi- 

15 pliers 11 to 13. 

[0065] For example, consider the case where the 
white balance is initially adjusted when the number of 
emissions is largest, and the white balance is corrected 
relative to its initial value for various values of the 

20 number of emissions; in that case, if the luminance of 
blue is taken as the reference since the blue phosphor 
has the shortest persistence (that is, the energy conver- 
sion efficiency decreases least), the luminance ratios of 
red, green, and blue, when plotted against the number 

25 of emissions, exhibit the characteristics shown in Figure 
7. At this time, the change of the luminance ratio of green 
can be approximated by a linear equation a = (1-aO)/ 
Nm)»N+aO, where a is the luminance ratio with respect 
to the blue phosphor, aO is the luminance ratio when the 

30 number of emissions is zero, N is the number of emis- 
sions, and Nm is the maximum number of emissions. 
[0066] To maintain the white balance constant regard- 
less of the number of emissions, the rate of change of 
the luminance ratio should be inversely corrected; there- 
of fore, the multiplication coefficient Kg can be calculated 
as the reciprocal of the luminance ratio a, i.e., Kg = 1/a. 
The multiplication coefficient for red (R) can be calcu- 
lated similariy. This of course applies if the color used 
as the reference is changed. In this way; by supplying 

40 the multiplication coefficients Kr, Kg, and Kb thus calcu- 
lated by the microcomputer 2 to the respective multipli- 
ers 1 to adjust the signal amplitudes, the luminance ratio 
and, hence, the white balance can be maintained con- 
stant regardless of the number of emissions. In this ex- 

45 ample, the approximation is performed using a linear 
equation, but if the approximation is done using an 
equation of higher degree, a higher correction accuracy 
can be achieved. 

[0067] In the present embodiment, first, to determine 
50 the characteristics of the phosphors, the relationship be- 
tween the number of emissions and the luminance is 
measured, and the number of emissions versus lumi- 
nance characteristics, such as shown in Figure 5A, is 
obtained. Then, from the measured data, the phosphor 
55 having the most linear characteristic (for example, the 
blue phosphor) is taken as the reference and, using this, 
the characteristics of the respective phosphors (red, 
green, and blue) are normalized and the luminance ra- 
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tios are computed for various values of the number of 
emissions. 

[0068] More specifically, using the blue phosphor as 
the reference, the luminance ratio of each phosphor to 
the blue phosphor is computed. When the luminances s 
of red, green, and blue at point A are denoted by Lar, 
Lag, and Lab, respectively, and the luminances at a giv- 
en number of emissions by Lr, Lg, and Lb, respectively, 
then the normalized results are as shown below. Figure 
7 shows the. graphs (solid lines: red, green, and blue) io 
plotted using the values calculated from the following 
equations. 

Luminance ratio of red to blue - (Lr/Lar)/(U>/Lab) 

Luminance ratio of green to blue = (Lg/Lag)/(Lb/Lab) 

[0069] To suppress the variation of the white balance 20 
due to changes in the number of emissions, the lumi- 
nance ratio should be maintained constant regardless 
of the number of emissions. Therefore, the change of 
the luminance ratio is approximated by a linear equation 
(dashed line: green) as shown in Figure 7 and, using its 25 
reciprocal (multiplication coefficient K), the correspond- 
ing video signal is multiplied to correct the white bal- 
ance. That is, the multiplication coefficient K is calculat- 
ed using the equation K = 1/a = Nm/(N-i-aO(Nm-N)). 
[0070] Figure 8 is a diagram for explaining the multi- so 
plication coefficients for the three primary colors, red, 
green, and blue, used in the white balance correction 
circuit of Figure 6. The multiplication coefficients Kr, Kg, 
and Kb for red, green, and blue are plotted by calculating 
them from the equation K = 1/a = Nm/(N+otO{Nm-N)). 35 
Here, reference character N represents the number of 
emissions, Nm the maximum number of emissions, and 
aO the luminance ratio at the minimum number of emis- 
sions. 

[0071] The linear equation shown in Figure 7 is deter- 40 
mined for each phosphor; that is, if the phosphor is de- 
termined, the equation for it is also detemnined. There- 
fore, the equation for calculating its reciprocal (see Fig- 
ure 8) is programmed in advance into the microcomput- 
er 2, and the multiplication coefficients are calculated 45 
with various values of the number of emissions by using 
the programmed equation. 

[0072] Figure 9 shows the results of the multiplica- 
tions perfomied using the multiplication coefficients cal- 
culated by the microcomputer 2, that Is, the luminance so 
ratios of the three primary color phosphors corrected by 
the white balance correction circuit of Figure 6, plotted 
against the number of emissions. As is apparent from 
Figure 9, for all the phosphors of red, green, and blue 
(three primary colors) the luminance ratio can be main- ss 
tained constant regardless of the number of emissions, 
and hence, correct white balance can be maintained re- 
gardless of the number of emissions. 
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[0073] More specifically, assume for example that the 
luminances of green and blue at the maximum number 
of emissions are 200 cd/m^ and 80 cd/m^, respectively, 
and the luminances at the minimum number of emis- 
sions are 60 cd/m^ and 20 cd/m^, respectively. 
[0074] At this time, the luminance ratio of blue to 
green at the maximum number of emissions Is 

Blue : Green = 80 : 200 = 1 : 2.5 

[0075] Likewise, the luminance ratio of blue to green 
at the minimum number of emissions is 

Blue : Green = 20 : 60 = 1 : 3 

[0076] The luminance ratio of green to blue is there- 
fore 1 .2 (3/2.5); since this value is aO, the multiplication 
coefficient K as its reciprocal is 

K= 1/a0= 1/1.2 = 0.83 

That is, the green video signal (G) is corrected by mul- 
tiplying its signal amplitude by 0.83. The red video signal 
(R) is also corrected in like manner. In this way, by cal- 
culating the multiplication coefficients with various val- 
ues of the number of emissions by using the previously 
given approximation equation, and by multiplying the 
video signals by the respective coefficients, correct 
white balance, can be maintained regardless of the 
number of emissions. 

[0077] Figure 10 is a block diagram showing one ex- 
ample of the APL detection circuit 3 In the white balance 
correction circuit of Figure 6. In Figure 1 0, reference nu- 
merals 31 and 33 are adders, and 32 and 34 are regis- 
ters. 

[0078] AiS shown in Figure 1 0, input video signals, for 
example, of eight bits are added In the adder 31 , and a 
video output (luminance) for each line corresponding to 
a horizontal synchronization signal H is stored in the reg- 
ister 32. The output per line from the register 32 is added 
in the adder 33, and a video output for one frame corre- 
sponding to a vertical synchronization signal V Is stored 
in the register 34. Then, the average picture level (dis- 
play ratio) of the display Image is computed. Any circuit 
designed to control the number of emissions according 
to the APL (display ratio) in order to reduce the power 
consumption of a display apparatus, for example, can 
be used as the APL detection circuit 3, and various con- 
figurations other than that described above are possible. 
[0079] Figure 1 1 is a block diagram showing a second 
embodiment of the white balance correction circuit ac- 
cording to the present Invention. In Figure 11 , reference 
numeral 5 is a current detection circuit, 6 is a panel drive 
circuit, and 7 is a number-of-emissions control circuit. 
[0080] As shown in Figure 11, the second embodi- 
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ment of the present invention differs from the first em- 
bodiment shown in Figure 6 In that the APL detection 
circuit 3 In the first embodiment Is replaced by the cur- 
rent detection circuit 5; that is, the current detection cir- 
cuit 5 detects the current consumption (dispiay current) s 
of the panel drive circuit 6, i.e., the display current cor- 
responding to the display ratio used in the first embod- 
iment, and based on the result of the detection, the mi- 
crocomputer 2 calculates the multiplication coefficients. 
In the second embodiment, the number of emissions of io 
each phosphor is controlled by the microcomputer 2 re- 
ceiving the output of the current detection circuit 5 and 
controlling the number-of-emissions control circuit 7 so 
that the power consumption of the display apparatus is 
held below a predetemrilned value. is 
[0081] More specifically, the current detection circuit 
5 detects the current being consumed by the panel drive 
circuit 6, and converts the current into a voltage value 
which is supplied to the microcomputer 2; based on the 
voltage value thus supplied, the microcomputer 2 reads 20 
the number of emissions from the number-of-emlssions 
control circuit 7 and sets the number of emissions. Then, 
the microcomputer 2 computes the change of the lumi- 
nance ratio due to the rate of change of the energy con- 
version efficiency corresponding to the thus set number 25 
of emissions, and calculates the multiplication coeffi- 
cients K (Kr, Kg, and Kb) so that the luminance ratio 
among red, green, and blue is maintained constant. Us- 
ing the multiplication coefficients Kr, Kg, and Kb, the 
multipliers 11 , 12, and 13 multiply the respective video 30 
signals R, G, and B to adjust the amplitudes of the sig- 
nals so that the white balance is maintained constant. 
[0082] According to the second embodiment, the in- 
vention can be applied to a wide variety of display ap- 
paratuses including display apparatuses, such as CRTs, 35 
not equipped with an APL detection circuit. 
[0083] Figure 12 is a block diagram showing a third 
embodiment of the white balance correction circuit ac- 
cording to the present invention. In Figure 12, reference 
numeral 8 is an address decoder, and 9 is a memory -^o 
(read only memory - ROM). 

[0084] As shown in Figure 12, the third embodiment 
differs from the first embodiment shown in Figure 6 in 
that the microcomputer 2 In the first embodiment is re- 
placed by the address decoder 8 and ROM 9. In the 45 
ROM 9, the multiplication coefficients Kr. Kg, and Kb for 
the respective video signals are stored for various val- 
ues of APL (display ratio), and the multiplication coeffi- 
cients appropriate to the APL detected by the APL de- 
tection circuit 3 are output from the ROM 9. 50 
[0085] More specifically, the APL detection circuit 3 
detects the APL of the input video signals and supplies 
the result to the address decoder 8, and the address 
decoder 8 generates the address in the ROM 9 at which 
the multiplication coefficients corresponding to the de- ss 
tected APL are stored. In the ROM 9, the multiplication 
coefficients Kr, Kg, and Kb for correcting for the change 
of the luminance ratio due to the change In the energy 



conversion efficiency are presto red for various values 
of APL, that is, the number of emissions and, in accord- 
ance with the address supplied from the address decod- 
er 8, the corresponding multiplication coefficients are 
output and supplied to the respective multipliers 11,12, 
and 13. 

[0086] According to the third embodiment, the white 
balance can be corrected sufficiently even In cases 
where the number of emissions and the multiplication 
coefficients Kr, Kg, and Kb cannot be approximated by 
simple equations (for example, when the energy con- 
version efficiency of each phosphor varies in a complex 
manner depending on the number of emissions). 
[0087] In the third embodiment also, the APL detec- 
tion circuit 3 may be replaced by the current detection 
circuits, as in the second embodiment, and similar con- 
trol can be performed by detecting the display current 
(the current consumption of the panel drive circuit 6) in- 
stead of the display ratio. 

[0088] Figure 13 is a block diagram showing a fourth 
embodiment of the white balance correction circuit ac- 
cording to the present invention. In Figure 13, reference 
numeral 80 is an address decoder, and 91, 92, and 93 
are ROMs (memories). 

[0089] As shown In Figure 13, in the fourth embodi- 
ment, the ROM 9 and multipliers 11 to 13 in the third 
embodiment are replaced by ROMs 91 to 93; that is, the 
APL of the Input video signals Is detected by the APL 
detection circuit 3, and the detected value is converted 
by the address decoder 80 into the con-esponding ad- 
dress in each of the ROMs 91 to 93. Data calculated by 
multiplying the respective video signals (R, G, and B) by 
given coefficients are prestored In the respective ROMs 
91 to 93 to correct for the change of the luminance ratio 
due to the change in the energy conversion efficiency 
for various values of APL, that is, the number of emis- 
sions. Data stored in the respective ROMs 91 , 92, and 
93 are read out by using an address consisting, for ex- 
ample, of the address supplied from the address decod- 
er 80 as the high-order bit address and each video signal 
as the low-order bit address, and based on the thus re- 
adout data, the amplitudes of the respective video sig- 
nals are adjusted so that the luminance ratio among red, 
green, and blue is maintained constant. 
[0090] According to the fourth embodiment, as in the 
third embodiment, the white balance can be corrected 
sufficiently even in cases where the number of emis- 
sions and the multiplication coefficients Kr, Kg, and Kb 
cannot be approximated by simple equations. Further, 
in the fourth embodiment also, the APL detection circuit 
3 may be replaced by the current detection circuit 5, and 
similar control can be perfonned by detecting the display 
cun-ent Instead of the display ratio. 
[0091] Figure 14 is a block diagram showing a fifth 
embodiment of the white balance correction circuit ac- 
cording to the present invention. 
[0092] As shown in Figure 14; a luminance-adjusting 
input from the outside (for example, the user) is supplied 
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to the microcomputer 2 and, In accordance with this lu- 
minance-adjusting input, the luminance of the display 
Image is set via the number-of^emlssions control circuit 
7 and via the panel drive circuit 6. In the fifth embodi- 
ment, from the number of emissions corresponding to s 
the supplied luminance-adjusting input the microcom- 
puter 2 computes the change of the luminance ratio due 
to the rate of change of the energy conversion efficiency 
for that number of emissions, and calculates the multi- 
plication coefficients K (Kr, Kg, and Kb) so that the lu- io 
minance ratio among red, green, and blue is maintained 
constant. Using the multiplication coefficients Kr, Kg, 
and Kb, the multipliers 11, 12,. and 13 multiply the re- 
spective video signals R, G, and B to adjust the ampli- 
tudes of the signals so that the white balance is main- is 
tained constant. 

[0093] The white balance correction based on the ex- 
ternal luminance-adjusting input according to the fifth 
embodiment is independent, for example, of the white 
balance correction in any of the first to fourth embodi- 20 
ments which Is performed by detecting the display ratio 
or the display current, and the white balance correction 
circuit may be constructed by combining the fifth em- 
bodiment with any one of the foregoing embodiments. 
For example, when the correction circuit Is implemented 25 
by combining the f ifth embodiment with the second em- 
bodiment shown in Figure 11, the coefficients Kr, Kg, 
and Kb output from the microcomputer 2 have such val- 
ues that serve to maintain the luminance ratio among 
red, green, and blue constant, considering the change 30 
of the luminance associated with the external lumi- 
nance-adjusting Input as well as the current consump- 
tion (display current) of the panel drive circuit 6 detected 
by the current detection circuit 5. 

[0094] Figures 15 and 16 are diagrams showing the 35 
relationship between a gray level and a number of emis- 
sions. 

[0095] A technique is known that expresses different 
gray levels A to F of a plurality of input primary color 
video signals (for example, three primary- color video 40 
signals R, G, and.B) by different combinations of values 
of the number of emissions (processes P1 to P5, ,..) as 
shown in Figures 15 and 16. This techniques, as in the 
above-described embodiments, detects either the dis- 
jplay ratio or display current of the Image produced by 45 
the input video signals and, based on the detected dis- 
play ratio or display current, performs driving control so 
that, for example, the power consumption of the display 
apparatus as a whole does not exceed a predetermined 
value, while maintaining the gray levels A to F. so 
[0096] More specifically, when reference character F 
In Figures 15 and 16 represents 300 gray levels and C 
150 gray levels, for example, if the display ratio of the 
Image produced by the Input video signals is high and 
there Is a need to sufficiently reduce the power con- ss 
sumption in order to hold it below a specified value, the 
gray levels F and C are displayed using Ff (for example, 
150 sustain emission pulses) and Cf (for example, 75 



sustain emission pulses), respectively, in the driving 
process PI where the drive current is small (the number 
of emissions as a whole is small). Conversely, if the dis- 
play ratio of the Image produced by the Input video sig- 
nals Is extremely low, for example, the gray levels F and 
C are displayed using Ffx5 (for example, 750. sustain 
emission pulses) and Cfx5 (for example, 375 sustain 
emission pulses), respectively, In the driving process P5 
where the drive current is large (the number of emis- 
sions as a whole is large). Similar processes are per- 
formed for other gray levels (A, B, .„). In this way, the 
display ratio (or the display current) of the image pro- 
duced by the plurality of primary color video signals is 
detected, and the number of emissions or the intensity 
is controlled for the plurality of primary color video sig- 
nals In accordance with the detected display ratio (or 
display current). 

[0097] As previously described, in the previously-con- 
sidered white balance adjusting circuit, to adjust the 
white balance, a prescribed adjustment pattern (for ex- 
ample, a window pattern or the like) Is displayed with 
specified gray levels, and the signal amplitudes of the 
respective color video signals R, G, and B are adjusted 
so that the desired white balance can be obtained. How- 
ever, when the white balance is adjusted (for example, 
only once prior to shipment from the factory) by display- 
ing a prescribed adjustment pattern with specified gray 
levels, the white balance will be shifted if the gray levels 
(input gray levels) change. 

[0098] Figure 17 is a diagram showing the relation- 
ship between gray level and luminance ratio for each of 
the three primary color phosphors of red, green, and 
blue; the luminance ratio of each color at the maximum 
gray level, as measured relative to blue, is shown here. 
Further, Figure 1 8 Is a block diagram showing a sixth 
embodiment of the white balance correction circuit ac- 
cording to the present invention, Figure 19 is a diagram 
for explaining the multiplication coefficients for the three 
primary colors, red, green, and blue, used in the white 
balance correction circuit of Figure 1 8, and Figure 20 is 
a diagram showing the relationship between gray level 
and luminance ratio for the three primary color phos- 
phors when corrections are made by the white balance 
correction circuit of Figure 18. 

[0099] As is apparent from a comparison between the 
previously given Figures 7 to 9 and the above Figures 
16, 19, and 20, the relationship between the gray level 
(input gray level) and luminance ratio a of the three pri- 
mary color phosphors in the sixth embodiment can be 
compared to the relationship between the number of 
emissions and the luminance ratio described in the first 
embodiment. 

[0100] In Figure 18, reference numeral 11 to 13 are 
multipliers, 2 is a microcomputer, 41 to 43 are y-correc- 
tlon circuits, 101 is an input gray level detector, 102 is 
an address decoder, 103 is a memory (ROM), and 141 
to 1 43 are multipliers (output gray level correctors). The 
multipliers 1 1 to 1 3, the microcomputer 2, and the y-cor- 
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rectlon ci rcults 41 to 43 are the same as those described 
in the previously-considered example of Figure 4, and 
the description of these elements will not be repeated 
here. 

[0101] As shown In Figure 18, In the white balance s 
adjusting circuit of the sixth embodiment, the input gray 
levels of the input video signals R, G, and B are detected 
(recognized) by the input gray level detector 101, and 
in accordance with the result of the detection, correction 
coefficients Lr, Lg, and Lb are output via the address io 
decoder 102 and memory 103. Each correction coeffi- 
cient L has the relation L = 1/a; hence, Lr = 1/ar, Lg = 
1/ag, and Lb = 1/otb. 

[0102] Using the input correction coefficients Lr and 
Lg (Lb), the multipliers 141 and 142 (143) apply correc- 15 
tions in accordance with the following equation and cal- 
culate the output gray levels. In the equation, X is the 
input gray level, Y is the output gray level, and p is the 
maximum input gray level. 

20 



light emitting elements whose persistence characteris- 
tics differ among red, green, and blue, white balance can 
likewise be corrected by applying the present invention 
without modification except that the number of emis- 
sions is replaced by the luminance (intensity) of emis- 
sion. 

[0108] As described above, according to an embodi- 
ment of the present invention, correct white balance can 
be maintained regardless of the number of emissions or 
the intensity of emission. 

[0109] Many different embodiments of the present in- 
vention may be constructed without departing from the 
scope of the present invention, and it should be under- 
stood that the present invention is not limited to the spe- 
cific embodiments described in this specification, except 
as defined in the appended claims. 



Claims 



1. 



Y(X) = L + (1-L)*(X/P) 

[01 03] Here, when the blue video signal is used as the 
reference (standard), since Lb = 1/ab =1/1=1, there is 25 
no need to correct the input gray level of the blue video 
signal, and therefore, the multiplier 143 for the blue vid- 
eo signal need not be provided. 

[0104] The sixth embodiment shown in Figure 18 is 
configured so that the correction coefficients L for the 30 
detected Input gray levels are output from the memory 
103; however, the circuit may be configured so that the 
correction coefficients L for the input gray levels are 
computed using, for example, the microcomputer and 2. 
the thus computed correction coefficients L are supplied 35 
to the respective multipliers (output gray level correc- 
tors) 141 to 143. Furthermore, the white balance correc- 
tion circuit may be constructed using a microcomputer, 
etc. which also perform white balance corrections by ad- 3. 
justing the amplitudes of the respective video signals in ^^o 
accordance with the number of emissions or the inten- 
sity of emission as previously described. 
[01 05] Figure 21 is a diagram showing the luminance 
characteristics of the three primary color phosphors 
when the sixth embodiment of the white balance correc- 45 4. 
tion circuit according to the present invention is applied, 
in comparison with those when it is not applied. 
[0106] As is apparent from Figure 21 , when the sixth 
embodiment of the white balance correction circuit is ap- 
plied, It becomes possible to maintain correct white bal- so 
ance, regardless of the gray level, by adjusting, for ex- 
ample, the variation of the white balance due to the gray 
levels of the red, green, and blue phosphors in such a 
manner that the luminance ratio is maintained constant. 
[01 07] Specific embodiments of the present invention ss 5. 
have been described above by taking a plasma display 
apparatus as an example, but in other color display ap- 
paratuses (for example, CRTs, LED displays, etc.) using 



A display apparatus for displaying a color Image by 
controlling the number of emissions or the intensity 
thereof in accordance with primary color video sig- 
nals input thereto, comprising: 

a detection portion detecting said number of 
emissions or said intensity; and 
a white balance correction portion correcting 
white balance by adjusting the amplitudes of 
said primary color video signals in accordance 
with said detected number of emissions or said 
detected Intensity. 

The display apparatus as claimed in claim 1 , where- 
in said detection portion detects said number of 
emissions or said intensity from a display ratio of an 
Image produced by said primary color video signals. 

The display apparatus as claimed in claim 2, further 
comprising a control portion controlling the number 
of emissions for, or the Intensities of, said primary 
color video signals in accordance with said display 
ratio of said image. 

The display apparatus as claimed in claim 3, where- 
iri said white balance correction portion comprises 
a computing unit and a plurality of multipliers where- 
in said computing unit computes amplitude coeffi- 
cients for said primary color video signals in accord- 
ance with said display ratio of said image, and said 
multipliers multiply said primary color video signals 
respectively by said computed amplitude coeffi- 
cients. 

The display apparatus as claimed in claim 3, where- 
in said white balance correction portion comprises 
a storage unit and a plurality of multipliers wherein 
said storage unit outputs amplitude coefficients for 
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said primary color video signals in accordance with 
said display ratio of said image, and said multipliers 
nriultiply said primary color video signals respective- 
ly by said amplitude coefficients output from said 
storage unit, 5 

6. The display apparatus as claimed in claim 3, where- 
in said white balance correction portion comprises 
a storage unit wherein said storage unit outputs am- 
plitude-adjusted primary color video signals in ac- io 
cordance with said primary color video signals and 
said display ratio of said image. 

7. The display apparatus as claimed in claim 1 , where- 
in said detection portion detects said number of is 
emissions or said intensity from a display current 
that flows when displaying an Image in accordance 
with said primary color video signals. 

8. The display apparatus as claimed in claim 7. further 20 
comprising a control portion controlling the number 

of emissions for, or the intensities of, said primary 
color video signals in accordance with said image 
display current. 

25 

9. The display apparatus as claimed in claim 8, where- 
in said white balance correction portion comprises 
a computing unit and a plurality, of multipliers where- 
in said computing unit computes amplitude coeffi- 
cients for said primary color video signals in accord- 30 
ance with said image display current, and said mul- 
tipliers multiply said primary color video signals re- 
spectively by said computed amplitude coefficients. 

10. The display apparatus as claimed in claim 8, where- 35 
in said white balance correction portion comprises 

a storage unit and a plurality of multipliers wherein 
said storage unit outputs amplitude coefficients for 
said primary color video signals in accordance with 
said image display current, and said multipliers mul- 40 
tiply said primary color video signals respectively by 
said amplitude coefficients output from said storage 
unit. 

1 1 . The display apparatus as claimed in claim 8, where- 45 
In said white balance correction portion comprises 

a storage unit wherein said storage unit outputs am- 
plitude-adjusted primary color video signals in ac- 
cordance with said primary color video signals and 
said image display current. so 

12. The display apparatus as clairned in claim 1 , where- 
in said detection portion detects said number of 
emissions or said intensity from an extemal applied 
luminance-adjusting input. 55 

13. The display apparatus as claimed in claim 12, fur- 
ther comprising a control portion controlling the 



24 

number of emissions for, or the Intensities of, said 
primary color video signals in accordance with said 
externally applied luminance-adjusting input. 

14. The display apparatus as claimed in claim 13, 
wherein said white balEince correction portion com- 
prises a computing unit and a plurality of multipliers 
wherein said computing unit computes amplitude 
coefficients for said primary color video signals in 
accordance with said externally applied luminance- 
adjusting Input, and said multipliers multiply said 
primary color video signals respectively by said 
computed amplitude coefficients. 

15. The display apparatus as claimed in claim 13, 
wherein said white balance correction portion com- 
prises a storage unit and a plurality of multipliers 
wherein said storage unit outputs amplitude coeffi- 
cients for said primary color video signals in accord- 
ance with said externally applied luminance-adjust- 
ing input, and said multipliers multiply said primary 
color video signals respectively by said amplitude 
coefficients output from said storage unit. 

16. The display apparatus as claimed in claim 13, 
wherein said white balance correction portion com- 
prises a storage unit wherein said storage unit out- 
puts amplitude-adjusted primary color video signals 
in accordance with said primary color video signals 
and said extemally applied luminance-adjusting in- 
put. 

17. The display apparatus as claimed in any preceding 
claim, wherein emissions due to said primary color 
video signals are produced from phosphors of three 
primary colors, red, green, and blue. 

18. The display apparatus as claimed in any preceding 
claim, wherein said display apparatus is a plasma 
display apparatus. 

1 9. A display apparatus for displaying a color image by 
controlling the number of emissions or the intensity 
thereof in accordance with primary color video sig- 
nals input thereto, wherein: 

output gray levels of images represented by 
said primary color video signals are adjusted in ac- 
cordance with input gray levels of said images rep- 
resented by said primary color video signals, there- 
by correcting white balance which varies with the 
number of emissions for, or the Intensities of, said 
primary color video signals. 

20. The display apparatus as claimed in claim 19, fur- 
ther comprising: 

a first detection portion detecting the input gray 
levels of said Images represented by said pri- 
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many color video signals; and 
a correction portion correcting said white bal- 
ance by adjusting the output gray levels of said 
prinnary color video signals in accordance with 
. said detected input gray levels. s 

21. The display apparatus as claimed in claim 20, 
wherein said white balance correction portion com- 
prises a computing unit.and a plurality of correction 
units wherein said computing unit computes gray io 
level correction coefficients in accordance with said 
detected input gray levels, and said correction units 
apply corrections to said input gray levels by using 
said computed correction coefficients. 

15 

22. The display apparatus as claimed in claim 20, 
wherein said white balance correction portion com- 
prises a storage unit and a plurality of correction 
units wherein said storage unit outputs gray level 
correction coefficients in accordance with said de- 20 
tected input gray levels, and said correction units 
apply corrections to said input gray levels by using 
said computed correction coefficients. 

23. The display apparatus as claimed in claim 20, fur- 25 
ther comprising: 

a second detection portion detecting a display 
ratio or display current of an image produced 
by said primary color video signals; and 30 
acontroi portion controlling the number of emis- 
sions for, orthe intensities of, said primary color 
video signals in accordance with said detected 
display ratio or said detected display current. 

35 

24. The display apparatus as claimed In any one of 
claims 19 to 23, wherein emissions due to said pri- 
mary color video signals are produced from phos- 
phors of three primary colors, red, green, and blue. 

40 

25. The display apparatus as claimed in any one of 
claims 1 9 to 24, wherein said display apparatus is 
a plasma display apparatus. 

26. A white balance correction circuit for use In a display 45 
apparatus which displays a color image by control- 
ling the number of emissions orthe intensity thereof 

in accordance with primarycolorvideo signals input 
thereto, and which includes a detection portion de- 
tecting said number of emissions or said intensity, so 
wherein said white balance correction circuit cor- 
rects white balance by adjusting the amplitudes of 
said primary color video signals in accordance with 
said detected number of emissions or said detected 
Intensity. 55 

27. The white balance correction circuit as claimed in 
claim 26, further comprising: 



a computing unit computing amplitude coeffi- 
cients for said primary color video signals in ac- 
cordance with said number of emissions or said 
intensity; and 

a plu raiity of multipliers multiplying said primary 
color video signals respectively by said com- 
puted amplitude coefficients wherein: 

said white balance, which varies with the 
number of emissions for, orthe intensities of, 
said primary color video signals, is corrected by 
adjusting the amplitudes of said primary color 
video signals in accordance with said controlled 
number of emissions or said controlled intensi- 
ty. 

28. The white balance correction circuit as claimed in 
claim 26, further comprising: 

a storage unit storing amplitude coefficients for 
said primary color video signals, and outputting 
said amplitude coefficients in accordance with 
said number of emissions or said Intensity; and 
a plurality of multipliers multiplying said primary 
color video signals respectively by said output 
amplitude coefficients wherein: 

said white balance, which varies with the 
number of emissions for, or the intensities of, 
said primary color video signals, is corrected by 
adjusting the amplitudes of said primary color 
video signals in accordance with said controlled 
number of emissions or said controlled intensl- 

29. The white balance correction circuit as claimed In 
claim 26, further comprising: 

a computing unit computing amplitude coeffi- 
cients for said primary color video signals in accord- 
ance with said number of emissions or said intensi- 
ty; and wherein: 

said white balance, which varies with the 
number of emissions for or the intensities of said 
primary color video signals, is corrected by adjust- 
ing the amplitudes of said primary color video sig- 
nals in accordance with said controlled number of 
emissions or said controlled intensity. 

30. The white balance correction circuit as claimed in 
claim 26, further comprising 

a storage unit storing amplitude-adjusted pri- 
mary color video signals, and outputting said ampli- 
tude coefficients in accordance with said primary 
color video signals and said number of emissions 
or said intensity; and wherein: 

said white balance, which varies with the 
number of emissions for or the Intensities of said 
primary color video signals, is corrected by adjust- 
ing the amplitudes of said primary color video sig- 
nals in accordance with said controlled nunnber of 
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emissions or said controlled intensity. 

31. The white balance correction circuit as clainned in 
claim 26, wherein said detection portion detects 
said number of emissions or said intensity from a 5 
display ratio of an image produced by said primary 
color video signals. 

32. The white balance correction circuit as claimed in 
claim 26, wherein said detection portion detects 'io 
said number of emissions or said intensity from a 
display current that flows when displaying an image 

in accordance with said primary color video signals. 

33. The white balance correction circuit as claimed in \s 
claim 26, wherein said detection portion detects 
said number of emissions or said intensity from an 
externally applied luminance-adjusting input. 

34. A white balance correction circuit for use in a display 
apparatus which displays a color image by control- 
ling the number of emissions or the intensity thereof 
in accordance with primary color video signals input 
thereto, and which includes a detection portion de- 
tecting said number of emissions or said intensity, 2S 
wherein output gray levels of images represented 

by said primary color video signals are adjusted in 
accordance with input gray levels of said images 
represented by said primary color video signals, 
thereby correcting white balance which varies with 
the number of emissions for or the intensities of said 
primary color video signals, 

35. , The white balance correction circuit as claimed in 
claim 34, further comprising: 35 



36. The white balance correction circuit as claimed in 
claim 35, further comprising:- 



37. The white balance correction circuit as claimed in 55 
claim 35, further comprising: 

a storage unit outputting gray level correction 
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coefficients in accordance with said detected 
input gray levels; and 

a plurality of correcting units for applying cor- 
rections to said input gray levels by using said 
output correction coefficients. 

38. The white balance correction, circuit as claimed in 
claim 35, further comprising: 

a second detection portion detecting a display 
ratio or display current of an image produced 
by said primary color video signals; and 
a control portion controlling the numberof emis- 
sions for, or the intensities of, said primary color 
video signals in accordance with said detected 
display ratio or said detected display current. 

39. A white balance correction method for a display ap- 
paratus which displays a color image by controlling 
the number of emissions or the intensity thereof in 
accordance with primary color video signals input 
thereto, wherein: 

said numberof emissions or said intensity is de- 
tected; and 

white balance Is con'ected by adjusting the am- 
plitudes of said primary color video signals in 
accordance with said detected number of emis- 
sions or said intensity. 

40. The white balance correction method as claimed in 

claim 39, wherein said number of emissions or said 
intensity Is detected from a display ratio of an Image 
produced by said primary color video signals. 

41 . The white balance correction method as claimed in 
claim 40, further comprising the step of controlling 
the number of emissions for, or the intensities of, 
said primary color video signals in accordance with 
said display ratio of said image. 

42. The white balance correction method as claimed in 
claim 39, wherein said number of emissions or said 
intensity is detected from a display current that 
flows when displaying an image in accordance with 
said primary color video signals. 

43. The white balance correction method as claimed in 
claim 42, further comprising the step of controlling 
the number of emissions for, or the intensities of, 
said primary color video signals in accordance with 
said image display current. 

44. The white balance correction method as claimed in 
claim 39, wherein said number of emissions or said 
intensity is detected from an externally applied lu- 
minance-adjusting input. 
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a first detection portion detecting the input gray 
levels of said images represented by said pri- 
mary color video signals; and 
a correction portion correcting said white bal- 
ance by adjusting the output gray levels of said 
primary color video signals in accordance with 
said detected input gray levels. 



a computing unit computing gray level correc- 
tion coefficients in accordance with said detect- 
ed input gray levels; and 50 
a plurality of correcting units for applying cor- 
rections to said input gray levels by using said 
computed correction coefficients. 
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45. The white balance correction method as claimed in 
claim 44, further comprising the step of controlling 
the number of emissions for, or the intensities of, 
said primary color video signals in accordance with 
said externally applied luminance-adjusting input. 5 

46. A white balance correction method for a display ap- 
paratus which displays a color Image by controlling 
the number of emissions or the intensity thereof In 
accordance with primary color video signals input 
thereto, wherein output gray levels of images rep- 
resented by said primary color video signals are ad- 
justed In accordance with input gray levels of said 
images represented by said primary color video sig- 
nals, thereby correcting white balance which varies is 
with the number of emissions for, or the intensities 

of, said primary color video signals. 

47. The white balance correction method as claimed in 
claim 46. further comprising the steps of: 20 

detecting the Input gray levels of said Images 
represented by said primary color video sig- 
nals; and 

adjusting the output gray levels of said primary 25 
color video signals In accordance with said de- 
tected input gray levels. 

48. The white balance correction method as claimed in 
claim. 46, further comprising the step of controlling 30 
the number of emissions for, or the intensities of, 
said primary color video signals In accordance with 

a display ratio or display current of said image. 

49. A white balance correction method for a display ap- 3s 
paratus which displays a color image by controlling 
luminance in accordance with primary color video 
signals input thereto, wherein an amplitude ratio be- 
tween said primary color video signals is set in ac- 
cordance with the luminances of said primary color ^0 
video signals, thereby suppressing variation of 
white balance with said luminances. 



an adjusting unit adjusting the amplitude of 
each of said primary color video signals; 
a storage unit storing an amplitude ratios for 
correcting the amplitudes of said primary color 
video signals; and 

a setting unit setting in said adjusting unit am- 
plitude ratios stored in said storage unit where- 
in: 

the amplitude ratio between said primary 
color video signals is set in accordance with the 
number of emissions for, or the intensities of, 
said primary color video signals, thereby cor- 
recting white balance which varies with, the 
number of emissions for, or the intensities of, 
said primary color video signals. 

53. A white balance correction circuit for use in a display 
apparatus which displays a color image using pri- 
mary color video signals, comprising: 

an adjusting unit adjusting the amplitude of 
each of said primary color video signals; 
a computing unit computing an amplitude ratio 
for each of said primary color video signals from 
the number of emissions for, or the intensities 
of, said primary color video signals; and 
a setting unit setting in said adjusting unit the 
amplitude ratio computed by said computing 
unit wherein: 

the amplitude ratio between said primary 
color video signals Is set in accordance with the 
number of emissions for, or the intensities of, 
said primary color video signals, thereby cor- 
recting white balance which varies with the 
number of emissions for, or the intensities of, 
said primary color video signals. 



50. The white balance correction method as claimed in 
claim 49, wherein the luminances of said primary 45 
color video signals are defined by the number of 
emissions for, or the intensities of, said primary 
color video signals. 

51 . The white balance correction method as claimed in so 
claim 49, wherein a color image is displayed by 
means of light-emitting elements in accordance 
with luminance-defined primary color video signals. 

52. A white balance correction circuit for use in a display ss 
apparatus which displays a color image using pri- 
mary color video signals, comprising: 
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(54) White balance correction circuit and correction method for display apparatus 



(57) A display apparatus, which displays a color im- 
age by controlling the number of emissions or the inten- 
sity thereof in accordance with primary color video sig- 
nals (R, G, B) input thereto, has a detection portion (13) 
and a white balance correction portion (2, 11, 12, , 13). 
The detection portion (3) is used to detect the number 
of emissions or the intensity, and the white balance cor- 



rection portion (2, 11, 12, 13) is used to correct white 
balance by adjusting the annplitudes of the primary color 
video signals (R, G, B) in accordance with the detected 
number of emissions or the detected intensity. There- 
fore, correct white balance can be maintained regard- 
less of the number of emissions or the intensity of emis- 
sion. 
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